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The roles of hematopoietic stem and/or progenitor cell niches during infection remain unclear. In this issue
of Immunity, Shi et al. (2011) reveal that these niches upregulate MCP1 chemokine expression, inducing
emigration of bone marrow monocytes into the circulation via the endothelium.It has been assumed that the special
microenvironments known as niches in
bone marrow provide key regulatory
elements and play an essential role in
maintenance, proliferation, differentiation,
and mobilization of hematopoietic stem
cells (HSCs) and their progenies during
homeostasis and in response to bone
marrow stressors, including inflammation.
The identity and function of the niche has
been a subject of longstanding debate.
In 1977, a liquid culture system was
described whereby proliferation of
primitive hematopoietic cells could be
maintained in vitro for several months,
suggesting that adherent cells, called
stromal cells in the culture, support
hematopoiesis (Dexter et al., 1977). On
the other hand, ultrastructural studies
raise the possibility that morphologically
termed reticular cells that surround bone
marrow vascular sinuses as adventitial
reticular cells are the dominant stromal
cells in the marrow (Weiss, 1976).
However, the lack of distinctive character-
istics of adventitial reticular and stromal
cells has made it difficult to determine
the in situ counterpart of the supportive
stromal cells and to obtain evidence that
adventitial reticular cells act as a niche
for hematopoiesis in vivo. Historically,
HSCs were reported to be in contact with
bone-lining osteoblasts; however, other
studies of bone marrow have shown that
many HSCs are associated with
sinusoidal endothelium (Kiel et al., 2005),
and most HSCs are in contact with
the adipo-osteogenic progenitors that
express high amounts of the chemokine
CXCL12, termed CXCL12-abundant
reticular (CAR) cells with long processes
(Sugiyama et al., 2006; Omatsu et al.,
2010). CXCL12 is essential for the mainte-nance of HSCs and the production of
immune cells. Consistent with these
results, sinusoidal endothelium has been
shown to be surrounded by CAR cells
(Sugiyama et al., 2006). More recently,
the in vivo role of primitive mesenchymal
cells, including CAR cells (Omatsu et al.,
2010) and nestin-expressing cells (Me´n-
dez-Ferrer et al., 2010), in hematopoiesis
has been determined by studies using
a Diphtheria toxin receptor (DTR)-medi-
ated cell-targeted deletion technique.
The results reveal that CAR cells and nes-
tin-expressing cells are essential for the
maintenance of HSCs in vivo (Omatsu
et al., 2010; Me´ndez-Ferrer et al., 2010).
In addition, CAR cells play a critical role
inproliferation ofHSCsandhematopoietic
progenitors, as well as in themaintenance
of HSCs in an undifferentiated state
(Omatsu et al., 2010). Thus, nestin-
expressing cells function as niches unique
for HSCs, but CAR cells act as a niche for
more differentiated progenitors and
immune cells as well as HSCs. These
studies provide a better understanding of
cellular niches for HSC maintenance and
production of hematopoietic cells during
homeostasis. However, the function of
these niches in the mobilization of hema-
topoietic cells from bone marrow into the
circulation remains unknown.
Recruitment of inflammatory mono-
cytes and neutrophils from bone marrow
to sites of infection is critical for innate
immune defense against microbial patho-
gens. It has been shown previously
that emigration of inflammatory mono-
cytes from bone marrow into the
circulation during infection with Listeria
monocytogenes, an intracellular bacterial
pathogen, requires the chemokine
receptor CCR2 (Serbina and Pamer,Immunity2006). In this issue of Immunity, Shi et al.
(2011) have shown that the majority of
CCR2+ inflammatory monocytes in the
bone marrow cavities migrate to vascular
sinuses and emigrate from the marrow
into the circulation following low concen-
trations of the Toll-like receptor (TLR)
ligand LPS. Subsequently, they examined
the expression of the chemokine CCL2,
also known asmonocyte chemoattractant
protein-1 (MCP1), a ligand of CCR2, in
bone marrow by generating transgenic
mice in whichMCP1was expressed using
a bacterial artificial chromosome (BAC)-
mediated transgene with a linked green
fluorescent protein (GFP) that is proteolyt-
ically cleaved to mark MCP1-expressing
cells. Interestingly, although MCP1-GFP
expression was not detected in the
bone marrow during homeostasis, the
MCP1-GFP expression significantly
increased in the bone marrow, but not in
other organs, including brain, liver, and
skeletalmuscle, at 4hr after administration
of low concentrations of LPS. Nearly 90%
of MCP1-expressing cells in bonemarrow
did not express the panendothelial marker
CD31, and many, but not all, CD31
MCP1-expressing cells were closely
associated with CD31+ sinusoidal endo-
thelial cells. Flow cytometric analysis
revealed that after LPS administration
CD31MCP1-expressing cells did not
express CD45, Ter119 (an erythroid
cell marker), or stem cell antigen-1
(Sca1), which is reported to be expressed
in a population ofmesenchymal stemcells
(MSCs) (Morikawa et al., 2009), and were
largely identified as CD45Ter119
CD31Sca1 platelet-derived growth
factor receptor (PDGFR)b+ cells. In addi-
tion, following LPS administration, sorted
MCP1-expressing cells expressed nestin34, April 22, 2011 ª2011 Elsevier Inc. 463
Figure 1. A Model for Emigation of Inflammatory Monocytes Induced by Hematopoietic
Niches in Response to Circulating Microbial Molecules
In the bone marrow, CXCL12-abundant reticular (CAR) cells function as a niche for hematopoietic stem
cells (HSCs), hematopoietic progenitors, and immune cells. Nestin-expressing (Nes+) cells function as
a niche unique for HSCs. Many CAR cells and nestin-expressing cells are in contact with sinusoidal endo-
thelial cells (ECs). The chemokine CCL2, also known asMCP1, is not expressed in the bonemarrow during
homeostasis. However, CAR cells, Nes+ cells, and ECs respond to circulating microbial molecules (upper)
and upregulate the expression of MCP1, which induces migration of inflammatory monocytes in the bone
marrow cavity to sinusoidal endothelium to enter the circulation (lower).
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These results strongly suggest that the
majority of MCP1-expressing cells
following LPS administration are in fact
CAR cells, which express high amounts
of CXCL12 and PDGFRb, but do not
express Sca1 (Omatsu et al., 2010; Shi
et al., 2011). In accordance with this
observation, after LPS administration,
MCP1-expressing cells generated fibro-464 Immunity 34, April 22, 2011 ª2011 Elsevblastic colony-forming units (CFU-F),
which could produce osteoblasts in
culture. Additionally, the MCP1-express-
ing cells transcribed mRNA of the LPS
receptor TLR4, suggesting that LPS acts
directly on CAR cells, thus inducing
MCP1 expression.
To determine the role for MCP1 ex-
pressed in MSCs and their progeny, Shi
et al. generated mice with a conditionalier Inc.MCP1-targeted gene. Ccl2flox/flox mice
were crossed with mice expressing Cre
recombinase under the control of the
neural-specific regulatory elements of
the nestin gene, which is reported to
be expressed in MSCs in the marrow
(Me´ndez-Ferrer et al., 2010). The number
of circulating Ly6Chi inflammatory
monocytes, but not neutrophils, was
significantly reduced after administration
of low concentrations of LPS in Nes-
Cre-Ccl2flox/flox mice (Shi et al., 2011). In
contrast, in Tek-Cre-Ccl2flox/flox mice, in
which the Ccl2 gene would be deleted
in both endothelial and hematopoietic
cells, thenumbers of circulating inflamma-
tory monocytes were also reduced after
administration of a low dose of LPS, but to
a lesser extent than inNes-Cre-Ccl2flox/flox
mice. Thus, upregulated MCP1 in MSCs,
CARcells, and endothelial cells is required
for inflammatory monocyte emigration
from the bone marrow into the circulation
in response to a low dose of LPS.
Consistent with these results, Shi et al.
revealed that MCP1-GFP expression in
MSCs, CAR cells, and endothelial
cells was upregulated and that many
CCR2+ inflammatory monocytes in the
bone marrow cavity migrated to vascular
sinuses 12 hr and 24 hr after infection with
L. monocytogenes. In addition, emigration
of Ly6Chi inflammatory monocytes from
the bone marrow was diminished in Nes-
Cre-Ccl2flox/flox mice compared with
control animals, resulting in diminished
clearance of bacteria from the spleen. A
similar but milder phenotype was noted in
Tek-Cre-Ccl2flox/flox mice.
Hematopoietic niches, including CAR
cells and nestin-expressing cells, have
been shown to constitutively express
supportive hematopoietic cytokines
and chemokines (including SCF and
CXCL12), enhance homing of circulating
hematopoietic cells into the bone marrow
cavity through endothelium (Ara et al.,
2003), and maintain hematopoietic cells
during homeostasis (Sugiyama et al.,
2006; Omatsu et al., 2010). However, Shi
et al. revealed a novel essential role for
these niches during infection. CAR cells
and nestin-expressing cells responded
to circulating microbial molecules and up-
regulated expression of another chemo-
kine, MCP1, which induced migration of
inflammatory monocytes in the bone
marrow cavity to sinusoidal endothelium
to enter the circulation (Figure 1). Of
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cells and perivascular mesenchymal
cells acted on inflammatory monocytes
located in intersinusoidal spaces of bone
marrow, but not on inflammatory mono-
cytes circulating in the lumen of vascular
sinuses, supporting the idea that primitive
mesenchymal cells located at the ablumi-
nal side of endothelial cells play a major
role in attracting monocytes. Future
studies will be needed to clarify themech-
anisms by which monocytes exit from
perivascular CAR cells and nestin-
expressing cells into the circulation
through the endothelium. On the other
hand, the results that some MCP1-
expressing CAR cells were located in
intersinusoidal spaces following adminis-
tration of a low dose of LPS are consistent
with the fact that not all inflammatory
monocytes exit the marrow, and raise
the possibility that MCP1-expressing
intersinusoidal CAR cells retain some
monocytes in the bone marrow evenduring infection. The findings by Shi
et al. provide a basis for understanding
the temporal and spatial program of
hematopoietic niche functions, including
induction of cell exit from the marrow
following bacterial infection. It will be
important to identify, in future work,
cellular and molecular mechanisms by
which hematopoietic niches regulate
maintenance and exit of various types of
immune cells during infection with a range
of microbial pathogens and inflammatory
diseases. But for now, it would appear
that in response to an emergency, CAR
and nestin-expressing cells provide the
cues for evacuation via the nearest exit.REFERENCES
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